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(57) ABSTRACT

A display device includes: a substrate including a plurality of
pixel areas; a thin film transistor formed on the substrate; a
pixel electrode connected to the thin film transistor and
formed in at least one of the plurality of pixel areas; a roof
layer formed on the pixel electrode to be spaced apart from
the pixel electrode by a microcavity therebetween; an injec-
tion hole formed on the rooflayer so as to expose a part of the
microcavity; a liquid crystal layer configured to fill the micro-
cavity; at least one support member adjacent to the injection
hole and formed in a column shape in the microcavity; and an
encapsulation layer formed on the rooflayerso as to cover the
injection hole to seal the microcavity.

16 Claims, 22 Drawing Sheets
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1
DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0061977 filed in the
Korean Intellectual Property Office on May 30, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

1. Field

The present disclosure relates to a display device and a
manufacturing method thereof capable of preventing defor-
mation of a roof layer and improving an aperture ratio.

2. Description of the Related Technology

A liquid crystal display which is a common type of flat
panel display currently in use, generally includes two sheets
of display panels with field generating electrodes such as a
pixel electrode, a common electrode, and the like, and a liquid
crystal layer interposed therebetween. The liquid crystal dis-
play generates an electric field in the liquid crystal layer by
applying a voltage to the field generating electrodes to deter-
mine alignment of liquid crystal molecules of the liquid crys-
tal layer through the generated electric field, and to control
polarization of incident light, thereby displaying images.

Two sheets of display panels configuring the liquid crystal
display may include a thin film transistor array panel and an
opposing display panel. In the thin film transistor array panel,
a gate line transferring a gate signal and a data line transfer-
ring a data signal are formed to cross each other, and a thin
film transistor connected with the gate line and the data line,
a pixel electrode connected with the thin film transistor, and
the like, may be formed. In the opposing display panel, a light
blocking member, a color filter, a common electrode, and the
like may be formed. In some cases, the light blocking mem-
ber, the color filter, and the common electrode may be formed
on the thin film transistor array panel.

The above information disclosed in this Background sec-
tion is only for enhancement of understanding of the back-
ground of the invention and therefore it may contain infor-
mation that does not form the prior art that is already known
in this country to a person of ordinary skill in the art.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

Embodiments of the present invention have been made in
an effort to provide a display device and a manufacturing
method thereof having advantages of reducing a weight, a
thickness, cost, and a processing time by manufacturing the
display device by using one substrate.

Further, embodiments of the present invention have been
made in an effort to provide a display device and a manufac-
turing method thereofhaving advantages of preventing defor-
mation of a roof layer and improving an aperture ratio.

One embodiment of the present invention provides a dis-
play device, including: a substrate including a plurality of
pixel areas; a thin film transistor formed on the substrate; a
pixel electrode connected to the thin film transistor and
formed in at least on of the plurality of pixel areas; a rooflayer
formed on the pixel electrode to be spaced apart from the pixel
electrode by a microcavity therebetween; an injection hole
formed on the roof layer so as to expose a part of the micro-
cavity; a liquid crystal layer configured to fill the microcavity;
at least one support member adjacent to the injection hole and
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formed in a column shape in the microcavity; and an encap-
sulation layer formed on the roof layer so as to cover the
injection hole to seal the microcavity.

A cross section of the microcavity may be smaller as the
microcavity approaches the injection hole.

A distance between the at least one support member and a
side wall of the roof layer may be smaller as the at least one
support member approaches the injection hole.

A plurality of the support members may be adjacent to the
injection hole.

A distance between the plurality of adjacent support mem-
bers may be smaller as the plurality of adjacent support mem-
bers approaches the injection hole.

A width of the at least one support member may be larger
as the at least one support member approaches the injection
hole.

The at least one support member may be shaped as a
triangle, a trapezoid, a T-lettered shape, a semicircle, a semio-
val, or a pentagon.

The at least one support member may be overlapped with
the pixel electrode.

The display device may further include an insulating layer
formed between the at least one support member and the pixel
electrode.

The at least one support member may not be overlapped
with the pixel electrode.

The display device may further include a light blocking
member formed on the substrate to be overlapped with a
boundary of the pixel area, the thin film transistor, and the at
least one support member.

A height of the microcavity may be smaller as the micro-
cavity approaches the injection hole.

Another embodiment of the present invention provides a
manufacturing method of a display device, including: form-
ing a thin film transistor on a substrate, the substrate including
aplurality of pixel areas; forming a pixel electrode connected
to the thin film transistor in at least one of the plurality of pixel
areas; forming a sacrificial layer on the pixel electrode; form-
ing an opening in the sacrificial layer by removing at least a
part of the sacrificial layer; forming a roof layer on the sac-
rificial layer and forming a support member in the opening;
forming an injection hole by patterning the roof layer to
expose at least a part of the sacrificial layer; forming a micro-
cavity between the pixel electrode and the roof layer by
removing the sacrificial layer; forming a liquid crystal layer in
the microcavity by injecting a liquid crystal material through
the injection hole; and forming an encapsulation layer on the
roof layer to seal the microcavity.

The atleast one pixel area may be disposed in a matrix form
including a plurality of pixel rows and a plurality of pixel
columns, the sacrificial layer positioned between the plurality
of pixel columns may be removed, and the roof layer may be
formed between the plurality of pixel columns to cover a side
surface of the microcavity.

A support member may be made of a same material as the
roof layer.

A support member may be adjacent to the injection hole to
be formed in a column shape.

A cross section of the microcavity may be smaller as the
microcavity approaches the injection hole.

A distance between the support member and a side wall of
the roof layer may be smaller as the support member
approaches the injection hole.

A plurality of support members may be adjacent to one
injection hole, and a distance between the plurality of adja-
cent support members may be smaller as the plurality of
support members approaches the injection hole.
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The support member may be shaped as a triangle, a trap-
ezoid, a T-lettered shape, a semicircle, a semioval, or a pen-
tagon.

The support member may be overlapped with the pixel
electrode, and the manufacturing method may further include
forming an insulating layer on the pixel electrode.

The support member may not be overlapped with the pixel
electrode.

The manufacturing method may further include forming a
light blocking member on the substrate, in which the light
blocking member may be overlapped with a boundary of the
pixel area, the thin film transistor, and the support member.

A height of the microcavity may be smaller as the micro-
cavity approaches the injection hole.

As described above, the display device and the manufac-
turing method thereof according to embodiments of the
present invention have the following effects.

In the display device and the manufacturing method
thereof according to embodiments of the present invention, it
is possible to reduce a weight, a thickness, cost, and a pro-
cessing time by manufacturing the display device by using
one substrate.

Further, it is possible to prevent deformation of a roof layer
by forming a support member which is adjacent to an injec-
tion hole to support the roof layer.

Further, a distance between the support member and a side
wall of the roof layer becomes smaller as it becomes closer to
the injection hole, and as a result, it is possible to improve an
aperture ratio.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a plan view illustrating a display device according
to an embodiment of the present invention.

FIG. 2 is a plan view illustrating one pixel of the display
device according to an embodiment of the present invention.

FIG. 3 is a cross-sectional view illustrating a part of the
display device of FIG. 1 taken along line according to an
embodiment of the present invention.

FIG. 4 is a cross-sectional view illustrating a part of the
display device of FIG. 1 taken along line IV-IV according to
an embodiment of the present invention.

FIG. 5 is a plan view illustrating a support member of the
display device according to an embodiment of the present
invention.

FIG. 6 is a diagram illustrating light emitted from an upper
side of the display device when a support member has a
circular shape.

FIG. 7 is a diagram illustrating light emitted from an upper
side of the display device when a support member has a
triangular shape.

FIGS. 8 to 14 are plan views illustrating various shapes of
the support member of the display device according to an
embodiment of the present invention.

FIG. 15 is a plan view illustrating one pixel of a display
device according to an embodiment of the present invention.

FIG. 16 is a cross-sectional view illustrating a part of the
display device of FIG. 15 taken along line XVI-XVT accord-
ing to an embodiment of the present invention.

FIGS. 17 to 22 are process cross-sectional views illustrat-
ing a manufacturing method of a display device according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

The present invention will be described more fully herein-
after with reference to the accompanying drawings, in which
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certain embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various ways, without departing from the
spirit or scope of the present invention.

In the drawings, the thickness of layers, films, panels,
regions, etc., may be exaggerated for clarity. Like reference
numerals generally designate like elements throughout the
specification. It will be understood that when an element such
as a layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

In a liquid crystal display in the related art, two sheets of
substrates are typically used, and respective constituent ele-
ments are formed on the two sheets of substrates, and as a
result, there may be problems in that the display device is
heavy and thick, has high cost, and takes a long processing
time.

A display device according to an embodiment of the
present invention will be schematically described below with
reference to the accompanying drawings.

FIG.11is aplan view illustrating a display device according
to an embodiment of the present invention, and for conve-
nience, FIG. 1 illustrates only some constituent elements.

A display device according to an embodiment of the
present invention includes a substrate 110 made of a material
such as glass or plastic, and a roof layer 360 formed on the
substrate 110.

The substrate 110 includes a plurality of pixel areas PX.
The plurality of pixel areas PX includes a plurality of pixel
rows and a plurality of pixel columns to be disposed in a
matrix form. Each pixel area PX may include a first subpixel
area PXa and a second subpixel area PXb. The first subpixel
area PXa and the second subpixel area PXb may be vertically
disposed.

A first valley V1 is positioned between the first subpixel
area PXa and the second subpixel area PXb in a pixel row
direction, and a second valley V2 is positioned between a
plurality of pixel columns.

The roof layer 360 may be formed along the plurality of
pixel rows. In this case, the roof layer 360 is removed at the
first valley V1 and thus an injection hole 307 is formed to
expose a constituent element positioned below the roof layer
360 to the outside.

Each of the first subpixel area PXa and the second subpixel
area PXb may include one injection hole 307. For example,
the injection hole 307 is formed to correspond to a lower side
of'the first subpixel area PXa, the injection hole 307 is formed
to correspond to an upper side of the second subpixel area
PXb, and thus the two injection holes 307 face each other.

A support member 365 is formed to be adjacent to the
injection hole 307 below the roof layer 360. A microcavity
(not illustrated) is formed below the roof layer 360, and a
phenomenon that the roof layer 360 sags downward at the
injection hole 307 corresponding to an inlet of the microcav-
ity may occur. Since the support member 365 is adjacent to
the injection hole 307 to support the rooflayer 360, a sagging
phenomenon of the roof layer 360 around the injection hole
307 may be prevented.

Next, one pixel of the display device according to an
embodiment of the present invention will be described below
with reference to FIGS. 1 to 5.

FIG. 2 is a plan view illustrating one pixel of the display
device according to an embodiment of the present invention,
FIG. 3 is a cross-sectional view illustrating a part of the
display device of FIG. 1 taken along line according to an
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embodiment of the present invention, FIG. 4 is a cross-sec-
tional view illustrating a part of the display device of FIG. 1
taken along line IV-IV according to an embodiment of the
present invention, and FIG. 5 is a plan view illustrating a
support member of the display device according to an
embodiment of the present invention.

Referring to FIGS. 1 to 4, a plurality of gate conductors
including a plurality of gate lines 121, a plurality of step-
down gate lines 123, and a plurality of storage electrode lines
131 is formed on the substrate 110.

The gate lines 121 and the step-down gate lines 123 mainly
extend in a horizontal direction to transfer gate signals. The
gate conductor further includes a first gate electrode 1244 and
a second gate electrode 124/ protruding upward and down-
ward from the gate line 121, and further includes a third gate
electrode 124¢ protruding upward from the gate line 123. The
first gate electrode 124/ and the second gate electrode 124/
are connected with each other to form one protrusion. In this
case, the protrusion form of the first, second, and third gate
electrodes 1244, 124/, and 124¢ may be modified.

The storage electrode line 131 mainly extends in a hori-
zontal direction to transfer a predetermined voltage such as a
common voltage Vcom. The storage electrode line 131
includes storage electrodes 129 protruding upward and
downward, a pair of vertical portions 134 extending down-
ward to be substantially vertical to the gate line 121, and a
horizontal portion 127 connecting ends of the pair of vertical
portions 134 with each other. The horizontal portion 127
includes a capacitor electrode 137 expanded downward.

A gate insulating layer 140 is formed on the gate conductor
121,123,124/,124/,124¢, and 131. The gate insulating layer
140 may be made of an inorganic insulating material such as
silicon nitride (SiNx) and silicon oxide (SiOx). Further, the
gate insulating layer 140 may include a single layer or mul-
tiple layers.

A first semiconductor 154/, a second semiconductor 154/,
and a third semiconductor 154¢ are formed on the gate insu-
lating layer 140. The first semiconductor 154/ may be posi-
tioned on the first gate electrode 1244, the second semicon-
ductor 154/ may be positioned on the second gate electrode
124/, and the third semiconductor 154¢ may be positioned on
the third gate electrode 124¢. The first semiconductor 154/
and the second semiconductor 154/ may be connected to each
other, and the second semiconductor 154/ and the third semi-
conductor 154¢ may be connected to each other. Further, the
first semiconductor 154/ may be extended to the lower por-
tion of the data line 171. The first to third semiconductors
154k, 154/, and 154¢ may be made of amorphous silicon,
polycrystalline silicon, metal oxide, and the like.

Ohmic contacts (not illustrated) may be further formed on
the firstto third semiconductors 154/, 154/, and 154c¢, respec-
tively. The ohmic contact may be made of silicide or a mate-
rial such as n+ hydrogenated amorphous silicon in which an
n-type impurity is doped at high concentration.

A data conductor including a data line 171, a first source
electrode 1734, a second source electrode 173/, a third source
electrode 173c¢, a first drain electrode 1754, a second drain
electrode 175/, and a third drain electrode 175¢ is formed on
the first to third semiconductors 154/, 154/, and 154c.

The data line 171 transfers a data signal and mainly extends
in a vertical direction to cross the gate line 121 and the
step-down gate line 123. Each data line 171 includes a first
source electrode 173/ and a second source electrode 173/
which extend toward the first gate electrode 124/ and the
second gate electrode 124/ and are connected with each other.

The first drain electrode 1754, the second drain electrode
175/, and the third drain electrode 175¢ include one wide end
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portions and the other rod-shaped end portions, respectively.
The rod-shaped end portions of the first drain electrode 1754
and the second drain electrode 175/ are partially surrounded
by the first source electrode 173/% and the second source
electrode 173/. One wide end portion of the second drain
electrode 175/ is again extended to form a third source elec-
trode 173¢ which is curved in a ‘U’-shape. A wide end portion
177¢ of the third drain electrode 175c¢ is overlapped with the
capacitor electrode 137 to form a step-down capacitor Cstd,
and the rod-shaped end portion is partially surrounded by the
third source electrode 173c.

The first gate electrode 1244, the first source electrode
173/, and the first drain electrode 1754 form a first thin film
transistor Qh together with the first semiconductor 154/, the
second gate electrode 124/, the second source electrode 173/,
and the second drain electrode 175/ form a second thin film
transistor QI together with the second semiconductor 154/,
and the third gate electrode 124c, the third source electrode
173¢, and the third drain electrode 175¢ form a third thin film
transistor Qc together with the third semiconductor 154c¢.

The first semiconductor 1544, the second semiconductor
154/, and the third semiconductor 154¢ are connected to each
other to have a stripe shape, and may have substantially the
same planar shape as the data conductor 171, 173/, 173/,
173¢, 175k, 175/, and 175¢ and the ohmic contacts therebe-
low, except for channel regions between the source electrodes
173/,173/, and 173 ¢ and the drain electrodes 1754, 175/, and
175¢.

In the first semiconductor 154/, an exposed portion which
is not covered by the first source electrode 173/ and the first
drain electrode 175/ is disposed between the first source
electrode 173/ and the first drain electrode 175/. In the sec-
ond semiconductor 154/, an exposed portion which is not
covered by the second source electrode 173/ and the second
drain electrode 175/ is disposed between the second source
electrode 173/ and the second drain electrode 175/. In addi-
tion, in the third semiconductor 154¢, an exposed portion
which is not covered by the third source electrode 173¢ and
the third drain electrode 175c¢ is disposed between the third
source electrode 173¢ and the third drain electrode 175c¢.

A passivation layer 180 is formed on the data conductor
171, 173h, 1731, 173¢, 175k, 1751, and 175¢ and the semi-
conductors 154/, 154/, and 154¢ exposed between the respec-
tive source electrodes 1734/173//173¢ and the respective
drain electrodes 1754/175//175¢. The passivation layer 180
may be made of an organic insulating material or an inorganic
insulating material, and may be formed in a single layer or a
multiple layer.

A color filter 230 in each pixel area PX is formed on the
passivation layer 180. Each color filter 230 may display one
of primary colors such as, for example, three primary colors
ofred, green and blue. The color filter 230 is not limited to the
three primary colors of red, green and blue, but may display
cyan, magenta, yellow, and white-based colors, and the like.
Unlike those illustrated above, the color filter 230 may be
elongated in a column direction along a space between the
adjacent data lines 171.

A light blocking member 220 is formed in a region between
the adjacent color filters 230. The light blocking member 220
is formed to be overlapped with a boundary of the pixel area
PX, the thin film transistor, and the support member 365 to
prevent light leakage. The color filter 230 is formed in each of
the first subpixel area PXa and the second subpixel area PXb,
and the light blocking member 220 may be formed between
the first subpixel area PXa and the second subpixel area PXb.

The light blocking member 220 includes a horizontal light
blocking member 220a which extends along the gate line 121
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and the step-down gate line 123 to be expanded upward and
downward, and covers regions in which the first thin film
transistor Qh, the second thin film transistor Ql, and the third
thin film transistor Qc are positioned, and a vertical light
blocking member 2205 which extends along the dataline 171.
That is, the horizontal light blocking member 220a may be
formed at the first valley V1, and the vertical light blocking
member 2205 may be formed at the second valley V2. The
color filter 230 and the light blocking member 220 may be
overlapped with each other in a partial region.

A first insulating layer 240 may be further formed on the
color filter 230 and the light blocking member 220. The first
insulating layer 240 may be made of an inorganic insulating
material such as silicon nitride (SiNx) or silicon oxide (SiOx).
The first insulating layer 240 serves to protect the color filter
230 made of the organic material and the light blocking
member 220, and may be omitted if necessary.

In the first insulating layer 240, the light blocking member
220, and the passivation layer 180, a plurality of first contact
holes 185/ and a plurality of second contact holes 185I,
which expose the wide end portion of the first drain electrode
175k and the wide end portion of the second drain electrode
175/, respectively, are formed.

A pixel electrode 191 is formed on the first insulating layer
240. The pixel electrode 191 may be made of a transparent
metal material such as indium tin oxide (ITO) or indium zinc
oxide (170).

The pixel electrode 191 includes the first subpixel elec-
trode 191/ and the second subpixel electrode 191/, which are
separated from each other with the gate line 121 and the
step-down gate line 123 therebetween and disposed above
and below the pixel area PX based on the gate line 121 and the
step-down gate line 123 to be adjacent to each other in a
column direction. That is, the first subpixel electrode 191/
and the second subpixel electrode 191/ are separated from
each other with the first valley V1 therebetween, the first
subpixel electrode 191/ is positioned in the first subpixel area
PXa, and the second subpixel electrode 191/ is positioned in
the second subpixel area PXb.

The first subpixel electrode 191/ and the second subpixel
electrode 191/ are connected with the first drain electrode
175k and the second drain electrode 175/ through the first
contact hole 185/ and the second contact hole 1851, respec-
tively. Accordingly, when the first thin film transistor Qh and
the second thin film transistor QI are turned on, the first thin
film transistor Qh and the second thin film transistor Ql
receive data voltages from the first drain electrode 175/ and
the second drain electrode 175/.

An overall shape of each of the first subpixel electrode
191/ and the second subpixel electrode 191/ is a quadrangle,
and the first subpixel electrode 191/ and the second subpixel
electrode 191/ include cross stems including horizontal stems
193/ and 193/ and vertical stems 192/ and 192/ crossing the
horizontal stems 193/ and 193/, respectively. Further, the first
subpixel electrode 191/ and the second subpixel electrode
191/ include a plurality of minute branches 1944 and 194/,
and protrusions 197/ and 197/ protruding upward or down-
ward from edge sides of the subpixel electrodes 191/ and
191/, respectively.

The pixel electrode 191 is divided into four subregions by
the horizontal stems 193/ and 193/ and the vertical stems
192/ and 192/. The minute branches 194/ and 194/ obliquely
extend from the horizontal stems 193% and 193/ and the
vertical stems 192/ and 192/, and the extending direction may
form an angle of approximately 45 degrees or 135 degrees
with the gate line 121 or the horizontal stems 193/ and 193/.
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Further, directions in which the minute branches 194/ and
194/ of the two adjacent subregions extend may be perpen-
dicular to each other.

In one embodiment, the first subpixel electrode 191/% fur-
ther includes an outer stem surrounding the outside, and the
second subpixel electrode 191/ includes horizontal portions
positioned at an upper end and a lower end, and left and right
vertical portions 198 positioned at the left and the right of the
first subpixel electrode 191/. The left and right vertical por-
tions 198 may prevent a capacitive coupling, that is, coupling
between the data line 171 and the first subpixel electrode
191%.

The layout form of the pixel area, the structure of the thin
film transistor, and the shape of the pixel electrode described
above are just examples, and the present invention is not
limited thereto and may be variously modified.

A second insulating layer 250 may be further formed on the
pixel electrode 191. The second insulating layer 250 may be
made of an inorganic insulating material such as silicon
nitride (SiNx) or silicon oxide (SiOx). The second insulating
layer 250 serves to protect the pixel electrode 191 and may be
omitted if necessary.

A common electrode 270 is formed on the pixel electrode
191 so as to be spaced apart from the pixel electrode 191 at a
predetermined distance. A microcavity 305 is formed
between the pixel electrode 191 and the common electrode
270. The microcavity 305 is surrounded by the pixel electrode
191 and the common electrode 270. A width and an area of the
microcavity 305 may be variously modified according to a
size and resolution of the display device.

Even though the common electrode 270 is formed to be
overlapped with the pixel electrode 191, since the second
insulating layer 250 is formed on the pixel electrode 191, it is
possible to prevent the common electrode 270 and the pixel
electrode 191 which contact each other from being short-
circuited.

However, the present invention is not limited thereto, and
the common electrode 270 may be formed directly on the
second insulating layer 250. That is, the microcavity 305 is
not formed between the pixel electrode 191 and common
electrode 270, and the common electrode 270 may be formed
with the pixel electrode 191 and the second insulating layer
250 therebetween. In this case, the microcavity 305 may be
formed on the common electrode 270.

The common electrode 270 may be made of a transparent
metal material such as indium tin oxide (ITO) or indium zinc
oxide (IZO). A predetermined voltage may be applied to the
common electrode 270, and an electric field may be generated
between the pixel electrode 191 and the common electrode
270.

A first alignment layer 11 is formed on the pixel electrode
191. The first alignment layer 11 may also be formed directly
on the second insulating layer 250 which is not covered by the
pixel electrode 191.

A second alignment layer 21 is formed below the common
electrode 270 to face the first alignment layer 11.

The first alignment layer 11 and the second alignment layer
21 may be formed by vertical alignment layers and made of
alignment materials such as polyamic acid, polysiloxane, or
polyimide. The first and second alignment layers 11 and 21
may be connected to each other at the edge of the pixel area
PX.

A liquid crystal layer configured by liquid crystal mol-
ecules 310 is formed in the microcavity 305 positioned
between the pixel electrode 191 and the common electrode
270. The liquid crystal molecules 310 have negative dielectric
anisotropy and may stand up in a vertical direction to the
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substrate 110 while the electric field is not applied. That is, a
vertical alignment may be performed.

The first subpixel electrode 191/ and the second subpixel
electrode 191/ to which the data voltages are applied generate
an electric field together with a common electrode 270 to
determine directions of the liquid crystal molecules 310 posi-
tioned in the microcavity 305 between the two electrodes 191
and 270. As such, luminance of light passing through the
liquid crystal layer varies according to the determined direc-
tions of the liquid crystal molecules 310.

A third insulating layer 350 may be further formed on the
common electrode 270. The third insulating layer 350 may be
made of an inorganic insulating material such as silicon
nitride (SiNx) and silicon oxide (SiOx) and may be omitted if
necessary.

A rooflayer 360 is formed on the third insulating layer 350.
The roof layer 360 may be made of an organic material. The
microcavity 305 is formed below the roof layer 360, and the
roof layer 360 is hardened by a curing process to maintain a
shape of the microcavity 305. The rooflayer 360 is formed to
be spaced apart from the pixel electrode 191 with the micro-
cavity 305 therebetween.

The roof layer 360 is formed in each pixel area PX and the
second valley V2 along a pixel row, and is not formed in the
first valley V1. That is, the roof layer 360 is not formed
between the first subpixel area PXa and the second subpixel
area PXb. The microcavity 305 is formed below each roof
layer 360 in each of the first subpixel area PXa and the second
subpixel area PXb. In the second valley V2, the microcavity
305 is not formed below the roof layer 360 but formed to be
attached to the substrate 110. Accordingly, a thickness of the
roof layer 360 positioned at the second valley V2 may be
larger than a thickness of the rooflayer 360 positioned in each
of the first subpixel area PXa and the second subpixel area
PXb. An upper surface and both side surfaces of the micro-
cavity 305 have a form to be covered by the roof layer 360.

An injection hole 307 exposing a part of the microcavity
305 is formed in the roof layer 360. The injection holes 307
may be formed to face each other at the edges of the first
subpixel area PXa and the second subpixel area PXb as
described above. That is, the injection holes 307 may corre-
spond to a lower side of the first subpixel area PXa and an
upper side of the second subpixel area PXb to expose a side
surface of the microcavity 305.

Since the microcavity 305 is exposed by the injection hole
307, an aligning agent or a liquid crystal material may be
injected into the microcavity 305 through the injection hole
307.

The support member 365 is adjacent to the injection hole
307 to have a column shape at the microcavity 305. The
injection hole 307 is positioned at an edge of the microcavity
305, and two injection holes 307 are formed in one microcav-
ity 305. For example, respective injection holes 307 are posi-
tioned at an upper edge and a lower edge of one microcavity
305. The support member 365 is formed at only one of the two
injection holes 307. For example, the support member 365
may be formed to be adjacent to the injection hole 307 posi-
tioned at the upper edge of the microcavity 305. In this case,
the support member 365 is not formed at a position which is
adjacent to the injection hole 307 positioned at the lower edge
of the microcavity 305.

The first alignment layer 11 and the second alignment layer
21 may be formed by injecting the aligning agent, and solids
are concentrated at one place of the aligning agent during a
drying process, and as a result, an aggregation phenomenon
of'the alignment layer occurs. Since the support member 365
is formed to be adjacent to the injection hole 307 positioned at

10

15

20

25

30

35

40

45

50

55

60

65

10

one edge of the microcavity 305, capillary forces in the two
injection holes 307 formed in one microcavity 305 are differ-
ent from each other. Since the capillary force in the injection
hole 307 formed at the support member 365 is relatively large,
the aggregation phenomenon of the alignment layer occurs
around the injection hole 307 formed at the support member
365. At the place where the aggregation phenomenon of the
alignment layer occurs, light may not be transmitted well, and
as a result, a screen may not be displayed well. The aggrega-
tion phenomenon of the alignment layer may occur at the
edge of the first pixel area PXa or the second pixel area PXb.
Further, since the light blocking member 220 is formed to be
overlapped with the support member 365, the aggregation
phenomenon of the alignment layer may be prevented from
being recognized as a defect. Since an area of forming the
light blocking member 220 may be reduced so that the sup-
port member 365 is formed to be closer to the injection hole
307, an aperture ratio may be also improved.

The sagging phenomenon of the roof layer 360 may occur
at a place where the aggregation phenomenon of the align-
ment layer occurs. Since the support member 365 is formed at
the place where the aggregation phenomenon of the align-
ment layer occurs to support the roof layer 360, deformation
of the roof layer 360 may be prevented.

The support member 365 is connected with the roof layer
360, and may be made of the same material as the roof layer
360. A third insulating layer 350 and a common electrode 270
may be further positioned below the support member 365.
The support member 365 may be overlapped with the pixel
electrode 191, and in this case, the common electrode 270
may also be overlapped with the pixel electrode 191. Since
the second insulating layer 250 is formed on the pixel elec-
trode 191, a short circuit between the common electrode 270
and the pixel electrode 191 may be prevented from occurring.

However, the present invention is not limited thereto, and
the support member 365 may be made of a different material
from the roof layer 360, and the third insulating layer 350 and
the common electrode 270 may not be positioned below the
support member 365. In this case, the support member 365
may be formed directly on the pixel electrode 191, or formed
directly on the second insulating layer 250 or the first insu-
lating layer 240.

Hereinafter, a planar shape of the support member 365
which is viewed from the upper side of the substrate 110 will
be described below.

As illustrated in FIG. 5, the support member 365 is formed
at one edge of one microcavity 305.

For example, the support member 365 may form a triangle.
One side of the triangle is disposed to be parallel with the
injection hole 307. A distance between the support member
365 and a side wall of the roof layer 360 becomes smaller as
it becomes closer to the injection hole 307 due to the shape
and the layout of the support member 365. Accordingly, the
capillary force becomes strong as it becomes closer to the
injection hole 307, and solids of the aligning agent may be
pushed to the injection hole 307 between the support member
365 and the roof layer 360. Therefore, since the place where
the aggregation phenomenon of the alignment layer occurs is
closer to the injection hole 307, an aperture ratio may be
further improved.

The support member 365 may form a circle or a rectangle.
However, in an aspect of the improvement of the aperture
ratio, it is more advantageous that the distance between the
support member 365 and the side wall of the roof layer 360 is
smaller as it becomes closer to the injection hole 307.
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In this regard, an experimental result of an aperture ratio
according to a shape of the support member 365 will be
described below with reference to FIGS. 6 and 7.

FIG. 6 is a diagram illustrating light emitted from an upper
side of the display device when a support member has a
circular shape, and FIG. 7 is a diagram illustrating light emit-
ted from an upper side of the display device when a support
member has a triangular shape.

As illustrated in FIG. 6, in the case where the support
member 365 forms a circle, a portion where the aggregation
phenomenon occurs between the support member 365 and the
side wall of the roof layer 360 is positioned at a place farther
away from the injection hole 307 than the support member
365.

As illustrated in FIG. 7, in the case where the support
member 365 forms a triangle, a portion where the aggregation
phenomenon occurs between the support member 365 and the
side wall of the roof layer 360 is positioned at a place closer
to the injection hole 307 than the support member 365.
Accordingly, an area which needs to cover an inside of the
pixel area by using the light blocking member 220 is smaller
as compared with the case where the support member 365
forms the circle. That is, the aperture ratio may be improved.

Referring back to FIG. 5, a plurality of support members
365 may be formed in one microcavity 305. For example, two
support members 365 may be formed for each microcavity
305. However, this is just an example, and in the case where
the microcavity 305 is further increased or a size of the
support member 365 is further decreased, the number of
support members 365 formed in one microcavity 305 may be
further increased.

A distance between the adjacent support members 365
among the plurality of support members 365 is smaller as it
becomes closer to the injection hole 307. Accordingly, the
capillary force becomes stronger as it becomes closer to the
injection hole 307, and solids of the aligning agent may be
pushed to the injection hole 307 between the adjacent support
members 365. Therefore, since the place where the aggrega-
tion phenomenon of the alignment layer occurs is closer to the
injection hole 307, an aperture ratio may be further improved.

The shape of the support member 365 may be variously
formed so that the distance between the support member 365
and the side wall of the rooflayer 360 or the distance between
the adjacent support members 365 is smaller as it becomes
closer to the injection hole 307. The support member 365 has
a form in which a width of the support member 365 is larger
as it becomes closer to the injection hole 307.

Hereinafter, various shapes of the support member 365 will
be described below with reference to FIGS. 8 to 14.

FIGS. 8 to 14 are plan views illustrating various shapes of
the support member of the display device according to an
embodiment of the present invention.

The support member 365 may form a trapezoid as illus-
trated in FIG. 8. In this case, a longer side of an upper side and
a lower side of the trapezoid may be disposed to be parallel
with the injection hole 307 at a closer place with the injection
hole 307. The distance between the support member 365 and
the side wall of the rooflayer 360 or the distance between the
adjacent support members 365 becomes smaller as it
becomes closer to the injection hole 307 due to the shape and
the layout of the support member 365.

As illustrated in FIG. 9, the support member 365 may form
a T-shape. In this case, an upper side of the T-shape may be
disposed to be parallel with the injection hole 307 at a closer
place to the injection hole 307.

As illustrated in FIG. 10, the support member 365 may
form a semicircle or semioval. In this case, the semicircle or
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semioval is constituted by one straight component and one
curved component, the straight component may be disposed
to be parallel with the injection hole 307 at the closer place to
the injection hole 307.

As illustrated in FIG. 11, the support member 365 may
form a pentagon. In this case, the pentagon is constituted by a
quadrangular component and a triangular component, and the
quadrangular component may form a rectangle. Further, the
quadrangular component may be disposed to be parallel with
the injection hole 307 at a closer place to the injection hole
307.

As illustrated in FIG. 12, the support member 365 may
have a shape in which each apex of the triangle is roundly
modified. As illustrated in FIG. 5, although the support mem-
ber 365 is designed, the apexes may be modified during a
patterning process, and accordingly, the modification may be
represented as illustrated in FIG. 12. Similar modification
may occur even in the shapes of the support member 365
illustrated in FIGS. 8 to 11 in like manner.

As illustrated in FIG. 13, alength of one side of the support
member 365 which is adjacent to the injection hole 307 may
be variously formed. The support members 365 illustrated in
FIGS. 5 and 13 have the same shape, but the length of one side
of'the support members 365 adjacent to the injection hole 307
varies. That is, the length of one side of the support members
365 adjacent to the injection hole 307 may be modified to be
larger or smaller. In the case where the length of one side of
the support members 365 adjacent to the injection hole 307 is
larger, a difference in capillary force between the place close
to the injection hole 307 and the place far from the injection
hole may be further increased. Accordingly, the place where
the aggregation phenomenon of the alignment layer occurs
may be closer to the injection hole 307.

As illustrated in FIG. 14, only one support member 365
may be formed in one microcavity 305. As described above,
the number of support members 365 formed in one microcav-
ity 305 may be variously modified according to sizes of the
microcavity 305 and the support member 365.

The support member 365 may have various shapes in addi-
tion to the illustrated shapes.

A fourth insulating layer 370 may be further formed on the
roof layer 360. The fourth insulating layer 370 may be made
of an inorganic insulating material such as silicon nitride
(SiNx) or silicon oxide (SiOx). The fourth insulating layer
370 may be formed to cover the top surface and the side
surface of the roof layer 360. The fourth insulating layer 370
serves to protect the roof layer 360 made of an organic mate-
rial and may be omitted if necessary.

An encapsulation layer 390 may be formed on the fourth
insulating layer 370. The encapsulation layer 390 is formed to
cover the injection hole 307 where a part of the microcavity
305 is exposed outside. That is, the encapsulation layer 390
may seal the microcavity 305 so that the liquid crystal mol-
ecules 310 formed in the microcavity 305 are not discharged
outside. Since the encapsulation layer 390 contacts the liquid
crystal molecules 310, the encapsulation layer 390 may be
made of a material which does not react with the liquid crystal
molecules 310. For example, the encapsulation layer 390 may
be made of parylene and the like.

The encapsulation layer 390 may be formed by a multi-
layer such as a double layer or a triple layer. The double layer
is configured by two layers made of different materials. The
triple layer is configured by three layers, and materials of
adjacent layers are different from each other. For example, the
encapsulation layer 390 may include a layer made of an
organic insulating material or a layer made of an inorganic
insulating material.
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Although not illustrated, polarizers may be further formed
on the upper and lower sides of the display device. The
polarizers may be configured by a first polarizer and a second
polarizer. The first polarizer may be attached onto the lower
side of the substrate 110, and the second polarizer may be
attached onto the encapsulation layer 390.

The distance between the support member 365 and the side
wall of the rooflayer 360 is smaller as it becomes closer to the
injection hole 307, and the distance between the plurality of
adjacent support members 365 is smaller as it becomes closer
to the injection hole 307, but the present invention is not
limited thereto. When a cross section of the microcavity 305
is smaller as it becomes closer to the injection hole 307, the
capillary force may be stronger as it becomes closer to the
injection hole 307. Accordingly, a height of the microcavity
305 may be smaller as it becomes closer to the injection hole
307. In this case, the width of the support member 365 may be
uniformly formed.

Next, a display device according to an embodiment of the
present invention will be described below with reference to
FIGS. 15 and 16.

Since the display device according to an embodiment of the
present invention illustrated in FIGS. 15 and 16 is almost the
same as the display device according to the embodiment of
the present invention illustrated in FIGS. 1 to 5, the descrip-
tion thereof is omitted, and only different parts will be
described below. One difference from the above embodiment
is that a support member is not overlapped with a pixel elec-
trode, and hereinafter, the difference will be described in
more detail.

FIG. 15 is a plan view illustrating one pixel of the display
device according to an embodiment of the present invention,
and FIG. 16 is a cross-sectional view illustrating a part of the
display device of FIG. 15 taken along line XVI-XVI.

Referring to FIGS. 15 and 16, a thin film transistor and a
pixel electrode 191 connected to the thin film transistor are
formed on a substrate 110. The roof layer 360 is formed on the
pixel electrode 191 with the microcavity 305 therebetween,
and the support member 365 is formed in the microcavity 305
to be adjacent to the injection hole 307. A liquid crystal layer
constituted by liquid crystal molecules 310 is formed in the
microcavity 305, and an encapsulation layer 390 is formed on
the roof layer 360 to seal the microcavity 310.

The support member 365 is connected with the roof layer
360, and may be made of the same material as the roof layer
360. A third insulating layer 350 and a common electrode 270
may be further positioned below the support member 365.
The support member 365 may be formed so as not to be
overlapped with the pixel electrode 191. Accordingly, even
though a separate insulating layer is not formed between the
pixel electrode 191 and the common electrode 270, the com-
mon electrode 270 and the pixel electrode 191 may be pre-
vented from being short-circuited.

Since the support member 365 and the pixel electrode 191
are overlapped with each other, the second insulating layer
(250 of FIG. 3) is formed so that the common electrode 270
positioned below the support member 365 is not short-cir-
cuited from the pixel electrode 191. The support member 365
and the pixel electrode 191 are not overlapped with each
other, and as a result, the short circuit between the common
electrode 270 and the pixel electrode 191 may be prevented
without forming the second insulating layer.

Next, a manufacturing method of a display device accord-
ing to an embodiment of the present invention will be
described below with reference to FIGS. 17 to 22. Further, the
manufacturing method will be described with reference to
FIGS. 1 to 5 together.

30

40

45

14

FIGS. 17 to 22 are process cross-sectional views illustrat-
ing a manufacturing method of a display device according to
an embodiment of the present invention.

As illustrated in FIG. 17, a gate line 121 and a step-down
gate line 123 extending in one direction are formed on a
substrate 110 made of glass or plastic, and a first gate elec-
trode 124/, a second gate electrode 124/, and a third gate
electrode 124¢ which protrude from the gate line 121 are
formed.

Further, a storage electrode line 131 may be formed
together so as to be spaced apart from the gate line 121, the
step-down gate line 123, and the first to third gate electrodes
1245, 124/, and 124c.

Next, a gate insulating layer 140 is formed on the entire
surface of the substrate 110 including the gate line 121, the
step-down gate line 123, the first to third gate electrodes 1244,
124/, and 124c¢, and the storage electrode line 131 by using an
inorganic insulating material such as silicon oxide (SiOx) or
silicon nitride (SiNx). The gate insulating layer 140 may be
formed by a single layer or a multiple layer.

Next, a first semiconductor 154/, a second semiconductor
154/, and a third semiconductor 154¢ are formed by deposit-
ing a semiconductor material such as amorphous silicon,
polycrystalline silicon, and metal oxide on the gate insulating
layer 140 and then patterning the deposited semiconductor
material. The first semiconductor 154/ may be positioned on
the first gate electrode 124/, the second semiconductor 154/
may be positioned on the second gate electrode 124/, and the
third semiconductor 154¢ may be positioned on the third gate
electrode 124c.

Next, a data line 171 extending in the other direction is
formed by depositing a metal material and then patterning the
deposited metal material. The metal material may be formed
by a single layer or a multiple layer.

Further, a first source electrode 173/ protruding above the
first gate electrode 124/ from the data line 171 and a first
drain electrode 175/ spaced apart from the first source elec-
trode 173/ are formed together. Further, a second source
electrode 173/ connected with the first source electrode 173/
and a second drain electrode 175/ spaced apart from the
second source electrode 173/ are formed together. Further, a
third source electrode 173¢ extended from the second drain
electrode 175/ and a third drain electrode 175¢ spaced apart
from the third source electrode 173¢ are formed together.

The first to third semiconductors 154/, 154/, and 154¢, the
data line 171, the first to third source electrodes 1734, 173/,
and 173¢, and the first to third drain electrodes 1754, 175/,
and 175¢ may be formed by sequentially depositing a semi-
conductor material and a metal material and then patterning
the semiconductor material and the metal material at the same
time. In this case, the first semiconductor 1542 may be
extended to the lower portion of the data line 171.

The first/second/third gate electrodes 124//124//124c, the
first/second/third source electrodes 173/4/173//173¢, and the
first/second/third drain electrodes 175//175//175¢ configure
first/second/third thin film transistors (TFTs) Qh/QlVQc
together with the first/second/third semiconductors 154%/
154//154c, respectively.

Next, a passivation layer 180 is formed on the data line 171,
the first to third source electrodes 1734, 173/, and 173¢, the
first to third drain electrodes 175k, 175/, and 175¢, and the
semiconductors 154/, 154/, and 154¢ exposed between the
respective source electrodes 173/4/173//173¢ and the respec-
tive drain electrodes 175/4/175//175¢. The passivation layer
180 may be made of an organic insulating material or an
inorganic insulating material, and may be formed in a single
layer or a multiple layer.
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Next, a color filter 230 is formed in each pixel area PX on
the passivation layer 180. The color filter 230 is formed in
each of the first subpixel area PXa and the second subpixel
area PXb, and may not be formed at the first valley V1.
Further, the color filters 230 having the same color may be
formed in a column direction of the plurality of pixel areas
PX. In the case of forming the color filters 230 having three
colors, a first colored color filter 230 may be first formed and
then a second colored color filter 230 may be formed by
shifting a mask. Next, the second colored color filter 230 may
be formed and then a third colored color filter may be formed
by shifting a mask.

Next, a light blocking member 220 is formed on a bound-
ary of each pixel area PX on the passivation layer 180 and the
thin film transistor. The light blocking member 220 may be
formed even at the first valley V1 positioned between the first
subpixel area PXa and the second subpixel area PXb.

Further, the light blocking member 220 is formed even at
one edge of each pixel area PX. The light blocking member
220 is formed to correspond to a portion which is overlapped
with a support member 365 to be formed below.

Hereinabove, the light blocking member 220 is formed
after forming the color filters 230, but the present invention is
not limited thereto, and the light blocking member 220 is first
formed and then the color filters 230 may be formed.

Next, a first insulating layer 240 made of an inorganic
insulating material such as silicon nitride (SiNx) and silicon
oxide (SiOx) is formed on the color filter 230 and the light
blocking member 220.

Next, a first contact hole 185/ is formed by etching the
passivation layer 180, the light blocking member 220, and the
first insulating layer 240 so as to expose a part of the first drain
electrode 1754, and a second contact hole 1851 is formed so as
to expose a part of the second drain electrode 175/.

Next, a first subpixel electrode 1917 is formed in the pixel
first subpixel area PXa, and a second subpixel electrode 191/
is formed in second subpixel area PXb, by depositing and
patterning a transparent metal material such as indium tin
oxide (ITO) or indium zinc oxide (IZO) on the first insulating
layer 240. The first subpixel electrode 191/ and the second
subpixel electrode 191/ are separated from each other with the
first valley V1 therebetween. The first subpixel electrode
191/ is connected with the first drain electrode 175/ through
the first contact hole 185/, and the second subpixel electrode
191/ is connected with the second drain electrode 175/
through the second contact hole 1851.

Horizontal stems 193/ and 193/, and vertical stems 192/
and 192/ crossing the horizontal stems 193/ and 193/ are
formed in the first subpixel electrode 191/ and the second
subpixel electrode 191/, respectively. Further, a plurality of
minute branches 194/ and 194/, which obliquely extend from
the horizontal stems 193/ and 193/ and the vertical stems
192/ and 192/, is formed.

Next, a second insulating layer 250 may be formed on the
pixel electrode 191 with an inorganic insulating material such
as silicon nitride (SiNx) and silicon oxide (SiOx). The second
insulating layer 250 is a member formed in order to prevent a
short circuit between the common electrode 270 and the pixel
electrode 191 positioned below the support member 365 to be
formed below. Accordingly, when the support member 365 is
formed so as not to be overlapped with the pixel electrode
191, the forming process of the second insulating layer 250
may be omitted.

As illustrated in FIG. 18, a sacrificial layer 300 is formed
by coating a photosensitive organic material on the pixel
electrode 191 and performing a photolithography process.
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The sacrificial layers 300 are formed to be connected to
each other along the plurality of pixel columns. That is, the
sacrificial layer 300 is formed to cover each pixel area PX and
to cover the first valley V1 positioned between the first sub-
pixel area PXa and the second subpixel area PXb.

That is, the photosensitive organic material positioned at
the second valley V2 is removed through the photolithogra-
phy process. Further, an opening 301 is formed by removing
a partial region of the sacrificial layer 300 through the pho-
tolithography process. The opening 301 may be formed to be
adjacent to the first valley V1. The second insulating layer 250
positioned below the photosensitive organic material is
exposed by forming the opening 301.

As illustrated in FIG. 19, a common electrode 270 is
formed on the sacrificial layer 300 by depositing a transparent
metal material such as indium tin oxide (ITO) or indium zinc
oxide (1Z0).

Next, a third insulating layer 350 may be formed on the
common electrode 270 by using an inorganic insulating mate-
rial such as silicon oxide or silicon nitride.

Next, a roof layer 360 is formed on the third insulating
layer 350 with an organic material, and a support member 365
is formed in the opening 301. The roof layer 360 and the
support member 365 may be formed by using the same mate-
rial during the same process. The common electrode 270 and
the third insulating layer 350 are positioned below the roof
layer 360 and the support member 365.

The support member 365 may be formed to be overlapped
with the pixel electrode 191. In this case, since the second
insulating layer 250 is formed on the pixel electrode 191, the
common electrode 270 positioned below the support member
365 may be prevented from being short-circuited from the
pixel electrode 191.

The support member 365 has a column shape, and the
planar shape of the support member 365 viewed from the
upper side of the substrate 110 may have various shapes such
as a circle, a rectangle, a triangle, a trapezoid, a T-lettered
shape, a semicircle, a semioval, and a pentagon. As described
above, when the support member 365 has a triangle, a trap-
ezoid, a T-lettered shape, a semicircle, a semioval, and a
pentagon as compared with a circle and a rectangle, the aper-
ture ratio may be further improved. That is, when the width of
the support member 365 is larger as it becomes closer to the
first valley V1, since the place where the aggregation phe-
nomenon of the alignment layer occurs is closer to the first
valley V1, the aperture ratio may be further improved.

As illustrated in FIG. 20, the roof layer 360 positioned at
the first valley V1 may be removed by patterning the roof
layer 360. As a result, the roof layers 360 may be formed to be
connected to each other along a plurality of pixel rows.

Next, a fourth insulating layer 370 may be formed on the
roof layer 360 with an inorganic insulating material such as
silicon nitride (SiNx) or silicon oxide (SiOx). The fourth
insulating layer 370 is formed on the patterned rooflayer 360
to cover and protect the side surface of the roof layer 360.

As illustrated in FIG. 21 the fourth insulating layer 370, the
third insulating layer 350, and the common electrode 270
which are positioned at the first valley V1 are removed by
patterning the fourth insulating layer 370, the third insulating
layer 350, and the common electrode 270.

The sacrificial layer 300 positioned at the first valley V1 is
exposed outside by patterning the roof layer 360 and the
common electrode 270.

Next, the sacrificial layer 300 is fully removed by supply-
ing a developer onto the substrate 110 where the sacrificial
layer 300 is exposed, or the sacrificial layer 300 is fully
removed by an ashing process.
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When the sacrificial layer 300 is removed, the microcavity
305 is generated at a site where the sacrificial layer 300 is
positioned.

The pixel electrode 191 and the common electrode 270 are
spaced apart from each other with the microcavity 305 ther-
ebetween, and the pixel electrode 191 and the roof layer 360
are spaced apart from each other with the microcavity 305
therebetween. The common electrode 270 and the roof layer
360 are formed to cover the top surface and both side surfaces
of the microcavity 305.

The microcavity 305 is exposed outside through a portion
where the roof layer 360 and the common electrode 270 are
removed, which is called an injection hole 307. The injection
hole 307 may be formed along the first valley V1. For
example, the injection holes 307 may be formed to face each
other at the edges of the first subpixel area PXa and the second
subpixel area PXb. That is, the injection holes 307 may cor-
respond to a lower side of the first subpixel area PXa and the
upper side of the second subpixel area PXb to expose a side
surface of the microcavity 305. The injection hole 307 may
also be formed along the second valley V2.

Hereinafter, a positional relationship of the injection hole
307 and the support member 365 is described below.

The support member 365 is adjacent to the injection hole
307 to be formed in the microcavity 305. Two injection holes
307 may be formed in one microcavity 305, and the support
member 365 is adjacent to one injection hole 307 of the two
injection holes 307. The aggregation phenomenon of the
alignment layer occurs around the injection hole 307 where
the support member 365 is formed, and as described above,
the light blocking member 220 is formed to be overlapped
with the support member 365 so that the phenomenon is
prevented from being recognized as a defect. Since an area of
forming the light blocking member 220 may be reduced as the
support member 365 is formed to be closer to the injection
hole 307, an aperture ratio may be also improved.

A distance between the support member 365 and a side
wall of the rooflayer 360 is smaller as it becomes closer to the
injection hole 307. Accordingly, the capillary force becomes
strong as it becomes closer to the injection hole 307, and
solids of the aligning agent may be pushed to the injection
hole 307 between the support member 365 and the roof layer
360. Therefore, since the place where the aggregation phe-
nomenon of the alignment layer occurs is closer to the injec-
tion hole 307, an aperture ratio may be further improved.

A plurality of support members 365 may be formed in one
microcavity 305. In this case, a distance between the adjacent
support members 365 among the plurality of support mem-
bers 365 is smaller as it becomes closer to the injection hole
307. Accordingly, the capillary force becomes strong as it
becomes closer to the injection hole 307, and solids of the
aligning agent may be pushed to the injection hole 307
between the adjacent support members 365. Therefore, since
the place where the aggregation phenomenon of the align-
ment layer occurs is closer to the injection hole 307, an
aperture ratio may be further improved.

The distance between the support member 365 and the side
wall of the rooflayer 360 is smaller as it becomes closer to the
injection hole 307, and the distance between the plurality of
adjacent support members 365 is smaller as it becomes closer
to the injection hole 307, but the present invention is not
limited thereto. When a cross section of the microcavity 305
is smaller as it becomes closer to the injection hole 307, the
capillary force may be stronger as it becomes closer to the
injection hole 307. Accordingly, a height of the microcavity
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305 may be smaller as it becomes closer to the injection hole
307. In this case, the width of the support member 365 may be
uniformly formed.

Next, the roof layer 360 is cured by applying heat to the
substrate 110. This is to maintain the shape of the microcavity
305 by the roof layer 360.

As illustrated in FIG. 22, when an aligning agent contain-
ing an alignment material is dropped on the substrate 110 by
a spin coating method or an inkjet method, the aligning agent
is injected into the microcavity 305 through the injection hole
307. When the aligning agent is injected into the microcavity
305 and then the curing process is performed, a solution
component is evaporated and the alignment material remains
on an inner wall of the microcavity 305.

Accordingly, the first alignment layer 11 may be formed on
the pixel electrode 191, and the second alignment layer 21
may be formed below the common electrode 270. The first
alignment layer 11 and the second alignment layer 21 face
each other with the microcavity 305 therebetween and are
connected to each other at the edge of the pixel area PX.

Inthis case, the first and second alignment layers 11 and 21
may be aligned in a vertical direction to the substrate 110,
except for the side surface of the microcavity 305. In addition,
aprocess of irradiating UV light to the first and second align-
ment layers 11 and 21 is performed, and as a result, the first
and second alignment layers 11 and 21 may be aligned in a
horizontal direction to the substrate 110.

Next, when the liquid crystal material constituted by liquid
crystal molecules 310 is dropped on the substrate 110 by an
inkjet method or a dispensing method, the liquid crystal mate-
rial is injected into the microcavity 305 through the injection
hole 307. The liquid crystal material may be dropped in the
injection holes 307 formed along the odd-numbered first val-
leys V1 and may not be dropped in the injection holes 307
formed along the even-numbered first valleys V1. Alterna-
tively, the liquid crystal material may be dropped in the injec-
tion holes 307 formed along the even-numbered first valleys
V1 and may not be dropped in the injection holes 307 formed
along the odd-numbered first valleys V1.

When the liquid crystal material is dropped in the injection
holes 307 formed along the odd-numbered first valleys V1,
the liquid crystal material passes through the liquid crystal
injection hole 307 by capillary force to be injected into the
microcavity 305. In this case, the liquid crystal material is
injected into the microcavity 305 well by discharging air in
the microcavity 305 through the injection hole 307 formed
along the even-numbered first valley V1.

Further, the liquid crystal material may be dropped in all of
the injection holes 307. That is, the liquid crystal material
may be dropped in the injection holes 307 formed along the
odd-numbered first valleys V1 and the injection holes 307
formed along the even-numbered first valleys V1.

Next, an encapsulation layer 390 is formed by depositing a
material which does not react with the liquid crystal mol-
ecules 310 on the fourth insulating layer 370. The encapsu-
lation layer 390 is formed to cover the injection hole 307
where the microcavity 305 is exposed outside to seal the
microcavity 305.

Next, although not illustrated, polarizers may be further
attached the upper and lower sides of the display device. The
polarizers may be configured by a first polarizer and a second
polarizer. The first polarizer may be attached onto the lower
surface of the substrate 110, and the second polarizer may be
attached onto the encapsulation layer 390.

While this invention has been described in connection with
certain embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the con-
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trary, is intended to cover various modifications and equiva- 6. The display device of claim 1, wherein:
lent arrangements included within the spirit and scope of the the at least one support member has a column shape, and a
appended claims. planar shape of the at least one support member com-

prises a triangle, a trapezoid, a T-lettered shape, a semi-

5 circle, a semioval, or a pentagon.
<Description of symbols> 7. The display device of claim 1, wherein:
11: First alignment layer 21: Second alignment layer the a t least one support member is overlapped with the
110: Substrate 121: Gate line plxel f:lectrode. . . .
123: Step-down gate line 124h: First gate electrode 8. The dlsplay device of claim 7, further comprising:
1241: Second gate electrode 124¢: Third gate electrode 10 aninsulating layer formed between the at least one support
131: Storage electrode line 140: Gate insulating layer member and the pixel electrode
154h: First semiconductor 1541: Second semiconductor 9 The display devi felaim 1 ) herein:
154c: Third semiconductor 171: Data line . € display device ol claim ’ wherein: .
173h: First source electrode 1731: Second source electrode the at least one support member is not OVerlapped with the
173c¢: Third source electrode 175h: Firlst drailll electrode pixe] electrode.
gtttk 15 10.The display devi of i 1, further comprising:
191h: First subpixel electrode 1911: Second subpixel electrode a hght blOCklng. member formed on the substrate to ]?e
220: Light blocking member 230: Color filter overlapped with a boundary of the pixel area, the thin
240: First insulating layer 250: Secqnd linsulating layer film transistor, and the at least one support member.
%2: f/{o,mmon ,‘;“tmde ;82: ijcnfmil lalyer 11. The display device of claim 1, wherein:
H 1crocavy . Injection hole . . . .
310: Liquid crystal molecule 350: Third insulating layer 20 a he.lght. of the at least one m10r09av1ty decreases in a
360: Roof layer 365: Support member direction towards the contact portion.
370: Fourth insulating layer 390: Encapsulation layer 12. A display device, comprising:
a substrate;
What is claimed is: a thin film transistor disposed on the substrate;
1. A display deVice; comprising: 25 apixel electrode connected to the thin film transistor;
a.substrate' ’ ’ a roof layer disposed on the pixel electrode to be spaced
a thin film transistor disposed on the substrate; apart from the pixel electrode by a plurality of micro-
a pixel electrode connected to the thin film transistor; N av.ltles therebetwe.en, . . . .
a roof layer disposed on the pixel electrode to be spaced a llquld crystal layer disposed in the plurality of microcavi-
apart from the pixel electrode by a plurality of micro- 3° ties; . .
cavities therebotween: an encapsulation layer disposed on the roof layer, the
aliquid crystal layer disposed in the plurality of microcavi- ence}psulathn l.a yer comprising a contact portion con-
ties: tacting the liquid crystal layer, and
an encapsulation layer disposed on the roof layer, the at least. one support member .dlspose.d adjacent the contact
encapsulation layer comprising a contact portion con- 3 portion in at least one microcavity of the plurality of
tacting the liquid crystal layer; and hmlc.rocavm.eds {h £ the at least " b
at least one support member disposed adjacent to the con- wherein a wi d'o » e ta ee(lis ﬂ?ne 51t1ppto rrtr.lem er
tact portion in at least one microcavity in the plurality of Inereases 1 a durection towards the contact portion.
microcavities: 13. The display device of claim 12, wherein:
wherein a cross sectional area of the microcavities 4 2 dl.stance between the at least one support .membe.:r an.d a
decreases in a direction towards the contact portion. t51de \ZaltlhOf thte rtoofnl.ayer decreases in a direction
2. The display device of claim 1, wherein: 14 c:fvillard? le c?in ac pof 1101.1' 12. wherein:
a distance between the at least one support member and a - e dispaay device of claim 2.2, whereln:
side wall of the roof layer decreases in a direction a plurality of .the support members are adjacent to the
towards the contact portion. 4 contact portion. . .
3. The display device of claim 2, wherein: 15'. The display device of cla%m 14, Whereln:
a plurality of the support members are adjacent to the a distance betweep the.plur.ahty of adjacent support mem-
contact portion bers decreases in a direction towards the contact portion.
4. The display device of claim 3, wherein: 16. The display device of claim 12, wherein:
50 the at least one support member has a column shape, and

a distance between the plurality of adjacent support mem-
bers decreases in a direction towards the contact portion.

5. The display device of claim 1, wherein:

a width of the at least one support member increases in a
direction towards the contact portion.

a planar shape of the at least one support member com-
prises a triangle, a trapezoid, a T-lettered shape, a semi-
circle, a semioval, or a pentagon.
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